We examined the effect of L-lactic acid on calcium absorption in male Wistar rats made achlorhydric by dietary omeprazole, a proton pump inhibitor. The dietary omeprazole intake (0.03g/100g of diet) increased the gastric pH and decreased the apparent calcium absorption ratio. Dietary famotidine (0.03g/100g of diet), an H2-receptor antagonist, and lower doses of omeprazole (0.005 or 0.01g/100g of diet) did not affect the gastric pH or the calcium absorption. In a second experiment, dietary lactic acid (0.5, 1.0, or 2.5g/100g of diet) increased the intestinal calcium absorption dose dependently in rats fed omeprazole (0.03g/100g of diet). The gastric pH was significantly decreased only in the rats fed higher doses of lactic acid (1.0, or 2.5g/100g of diet). In a third experiment, a dietary sour milk beverage containing lactic acid (0.5g/100g of diet) increased the intestinal calcium absorption, but did not affect the gastric pH in rats fed omeprazole (0.03g/100g of diet). Although the significance of gastric acid in terms of overall calcium absorption is not known, under the present experimental conditions, the inhibition of gastric acid secretion by dietary omeprazole decreased the apparent calcium absorption, and the dietary lactic acid prevented the calcium absorption in rats fed omeprazole.
It is generally accepted that gastric acid secretion is a prerequisite for CaCO3 solubilization before its intestinal absorption in the ionic form (1) . The importance of gastric acid secretion in dietary calcium absorption was described in human (1) and rat (2) studies. However, other reports have demonstrated a lack of effect of a high intragastric pH on dietary calcium absorption (3, 4) . The significance of gastric acid secretion regarding dietary calcium absorption is thus controversial.
If gastric acid affects dietary calcium absorption as a result of increased calcium solubility in the stomach, the intake of other inorganic and/or organic acids such * To whom correspondence should be addressed. of fecal calcium excretion were highest in the rats fed the OM 0.03% diet among the groups of rats fed an experimental diet (studies 1, 2, and 3). The apparent calcium absorption ratios were significantly decreased in the rats fed the OM 0.03% diet compared with the rats fed the standard diet (studies 1, 2, and 3). The dietary FA and lower doses (0.01 and 0.005%) of OM did not affect the calcium absorption (study 1). An increase in the LA content of the diet resulted in the increase of the apparent calcium absorption ratio (study 2). The rats fed the SMB diet significantly increased the apparent calcium absorption ratio compared with the rats fed the OM 0.03% diet (study 3).
Discussion
It is well documented that gastrectomy and achlorhydric patients have reduced bone mineral content (11) (12) (13) , possibly as a result of a calcium deficiency because of an impaired bioavailability of dietary calcium. Some studies have attributed the effects of partial gastrectomy and the use of antiulcer medications to calcium malabsorption, but other studies have failed to confirm this (4, 14, 15) . The results of studies of intestinal calcium absorption in achlorhydric patients and experimental animals are conflicting (16, 17) . We hypothesized that in these studies , achlorhydria had not been induced completely in the patients and experimental animals; we therefore first tested the effects of different kinds of antiulcer medications (OM , a proton pump inhibitor, and FA, an H2-receptor antagonist) on dietary calcium absorption from the rat intestine. As shown in Table 3 , OM inhibited calcium absorption dose dependently with a potency greater than that of FA , and OM at the highest dose increased the gastric pH. These results indicated that a strong inhibition of gastric acid secretion increases the pH in the stomach and affects the intestinal calcium absorption.
In the second and third studies, we tested the effect of dietary LA and SMB on calcium absorption in rats fed OM, which appeared in study 1 to have great potential as an agent for producing achlorhydria in an animal. When the rats were treated with higher doses of dietary LA (1.0 and 2.5g/100g of diet) , the gastric pH was decreased and the intestinal calcium absorption was increased. However, when the rats were treated with the lowest dose of dietary LA (0 .5g/100g of diet) or SMB, the apparent calcium absorption ratio was increased without decreasing gastric pH. These findings indicate that gastric pH is not the only factor to explain the stimulatory effect of LA on calcium absorption.
A correlation between the increased acid load of organic acid and a concomitant slowing of gastric emptying has been reported in human and animal studies (18, 19) . The rate of gastric emptying is also considered a potentially important determinant of nutrient absorption by controlling the delivery of nutrients to the small intestinal epithelium (18) (19) (20) (21) . In our present studies we did not examine the emptying rate, but the rate of gastric emptying and the solubilization of calcium because of lactic acid feeding were speculated to be involved in the calcium absorption. Reynolds (22) also reported that some medications bind to the divalent cations, resulting in poorly absorbed complexes. If OM has the ability to bind calcium and make unabsorbed complexes under the experimental conditions used in the present study, OM intake may stimulate calcium excretion in the feces and decrease the calculated apparent calcium absorption ratios. We therefore tested the calcium binding ability of OM in vitro; we observed no calcium binding ability of OM (data not shown).
In the present study, dietary LA and the SMB containing LA increased the calcium absorption in a rat achlorhydric model. Although the significance of gastric acid in terms of overall calcium absorption is not known, under the pres ent experimental conditions the stimulatory effect of LA and SMB on calcium absorption may be partly associated with the decreased gastric pH and rate of gastric emptying.
